when hadrons collide along an axis, nearly all the particles produced lie near the axis. This obs~rvation motivated Feynman to assume that, in a hadron moving with very large momentum, the transverse momentum distribution of its virtual constituents is also sharply damped.('). Two other prominent phenomenological properties of scattering should also be noted: (1) two-body, non-diffractive amplitudes manifest power law behavior at high energies, the power depending on the quantum numbers exchanged and simply related to Regge trajectories of particles which can be exchanged. (2) Elastic and diffractive amplitudes grow approximately linearly with energy,
• ·~· corresponding to approximately constant total cross sections. Experimentally, transverse momenta are observed to be strongly damped in high energy hadron collisions, roit may even be that certain results Obtained in two-dimensions may be abstracted and usefully applied to the real world.
Be that as it may, the two dimensional model poses a well-defined problem wherein the properties of high energy scattering of bound-state mesons may be evaluated. Obviously, questions related specifically to crossing symmetry, to spin, or to large transverse momentum behavior cannot be approached in two dimensions.
Let us consider the Feynman diagrams corresponding to meson-meson .
• soattering. To leading order in 1/N, the scattering amplitude consists of planar graphs with no internal quark loops. In any gaUge in which there is no self-coupling of the gluon field, the scattering amplitude may be depicted as in Fig. l 6 s~-2 poles, so this much of duality is retained by the two-dimen~ional model: the sum of s-channel poles leads to a Regge-like asymptotic power behavior {-s)n.
{Similarly, the sum of u-channel poles leads ·to s~.) The fact that we apparently must sum over s-and t-channel exchanges, Figs an asymptotic behavior which dominates the Regge-like behavior discussed above and which might therefore by identified as the ''bare" pomeron in two-dimensions?
.... ·:..
To simplify the calculation, we proceed as follows: ~ecause quarks are confined, we are assured that the only discontinuities come from mesonic intermediate states, so that the imaginary part is given by the square of the planar (ut)-amplitude, Fig. 3 :
m,n
Here, P denotes the amplitude corresponding to bi~d to form meson n with ~n e x 1 (1-x 2 )s. Similarly, the remaining quarkantiquark pair bind to form meson m with ~; e x 2
(1-x 1 )s. Thus, one might guess that the production amplitude would scale as s ~ • for ~ixed x 1 ,x 2 :
the sum in Eq. (1) as rapidly as s In general, this will be more rapidly than the ''Regge" term vanishes and cannot be interpreted as a pomer6n. ~9 ) If we conjecture that the absence of the pomeron is related to the absence of gluons in two-dimensions, it could be that, when one calculates to higher order in l/N and begins to build the quark-antiquark "sea'', their exchange will lead to pomeron-like behavior. Such speculations we leave for future ~nv-est1gations.
In four dimensions, where the transverse gluon 'field is an independeil~ dynamical degree of freedom, the mesonic wave funetion must also -describe the probability amplitude to find any number of gluons in addition to the valence quark-antiquark pair. It may well be that the analogous calculation involving the exchange of these wee gluons will produce a bare pomeron already in order l/Ji2. (a
)
Let ·us conclude with a few phenomenological speculations motivated by our results on ''Regge" behavior. Applications to four dimensions depend on the nature of confinement there. So long as a hadron's wave function in tbe infinite momentum frame has the property that the probability ~o find.& »artou at large transverse :momentum ~,· t~lls ·~t~r tba.P: Since the asymptotic behavior of the pion form factor{ta)
is also determined by ~' we find a simple relation between the Regge intercept and power law of the form factor. This correspondence is probably an artifice of the 1/N expansion, since form factors are related to the behavior of valence quarks as x ... 1, while Regge behavior depends on the behavior as x -t 0 of not only valence quarks, but also quarks in· the "sea". Presumably, it is only to leading order in N that the behaviors as x -t 1 and as x -t 0 are so closely intertwined. 
.. I APPENDIX Here, we display the exact form of the (ut)-amplitude, depicted in Fig. 3· We find (
· All momenta appearing in the formula refer to their minus components, ie, q/p 1 5 q_/p 1 _ all integrals run over (0,1).
Here, ~1 (z) is the wave function of.hadron i(=l,2,n,m), ~= ~-~~ f= _jJ. -_jJ., U e a 2 , T. e l; G is the Green's function (ta )
• n ~n-S
The first term comes from 0 0 ()
•A2- Fig. 3a and the Born term of Fig. 3b ; the third comes from the rest of Fig. 3b . The second term comes from Fig. 3a plus the Born term of Fig. 3c ; the fourth term, from the rest of Fig. 3c . Unfortunately, the intuitive discussion given above for the center-of-mass frame does not apply in the A_ = P gauge where parity invariance is not manifest. However, one can consider the limit. s ~~for fixed ~2/s, ~2/s. (In· this limi~ one has n m also U/s and T/s fixed also.) Using scaling relations derived earlier, (
one may easily determine the dominant contribution of each term. In each case, the dominant behavior comes from the infrared region for the gluon "propagator". Multiplying out the factors in Eq. Al gives a sum of 12 terms, each of which ~ scale, and the argument of ~ becomes, in every case, p /p 1 = x 1 , as was anticipated. However, recombining terms again, n--it is easy to see that this contribution cancells leaving a contribution -1 which falls by (at least) s . (We have not been able to show that this coefficient is non zero, so the rate of vanishing may be even faster.We have not found any simple explanation for this amcellation and, although we are not surprised that there is no pomeron, we are surprised at the subtle way in which it appears to decouple. Clearly a deeper understanding of this is desirable. )
. .. (Fig. 3) will be discussed below in connection with the pomeron.
Full details and further discussion will be presented elsewhere: M.B. Einhorn, in preparation. It can also be shown that the coefficient manifests t-channel factorization. (A word o:f caution must be added, however, since we have not proved that the coefficient of' Jlab is non-zero.) The (ut)-diagram behaves as Ul which, when added to the {st)-diagram may be interpreted as giv~ng "signature" to the exchange. Finally, the (su)-diagram behaves as sa-f'or forward scattering.
. In f'our dimensions, one cannot gauge away the self-coupling of' the gluon field, and we anticipate that f'ull duality will be recovered: The planar amplitude will have meson poles in both the s-and t-channels and manifest true Regg~-asymptotic-behavior.
W!l.6) Assuming ordinary analyticity f'or meson amplitudes, there can be no "contact
; . . In the context of the topological expansion, this correspondence bas been made more precise recently, where it has been identified with the ''bare" pomeron which must be iterated (eg. via Gribov's reggeon calculus) to obtain a fully unitary S-matrix. For a summary with references to the original literature, see Ref. 8 . Its identification with the pomeron in some general sense goes back as far as P.G.O. Freund, Lett. Nuevo Cimento ~' 147 (1970); P.G.o; FreUnd and R.J. Rivers, Phys. Lett. 29B, 510 (1969) . (18) The full derivation will be givet.; elsewhere: M. B. Einhorn, E. Rabinovici, in preparation.
(19) The surprising aspect of the calculations, as discussed in greater detail in the Appendix, is not so much that we do not find a pomeron, but that, even though each "time"-ordered graph does satisfy the scaling property, Eq. (3), their sum does not. We do not have a simple explanation of this fact.
(20) For approaches in four dimensions, see F.E. Low, Phys. Rev. Dl2, 163 (1975) and s. Nussinov, Phys. Rev. Letters~' 1286 Letters~' (1975 and Phys:-Rev Dl4, 246 (1976) .
(21) Although the so-called Zweig Rule holds to leading order in 1/N, violations will occur in next order which will also bring in flavor-symmetry-breaking and mass-mixing. . ;
... 
